MOTOR DRIVEN VEHICLE AND METHOD OF SAMPLING MAP DATA OF 

THE MOTOR DRIVEN VEHICLE 



BACKGROUND OF THE INVENTION 

Field of the Invention 
[0001] 

This invention relates to a motor driven vehicle capable of providing a 
constant running performance when the power source voltage is a 
predetermined value or greater, and a method of sampling map data of the 
motor driven vehicle. 

Description of Related Art 
[0002] 

A conventional electric motorcycle does not have N-T characteristics in 
response to the power source voltage, and thus a stable running performance is 
difficult to obtain. Therefore, an aspect of the present invention is to provide a 
motor driven vehicle capable of providing a constant running performance when 
the power source voltage is a predetermined value or greater. 

SUMMARY OF THE INVENTION 
[0003] 

In order to solve the foregoing problem in the prior art, one embodiment of 
the present invention includes a motor driven vehicle having an electric motor 
for driving wheels through a power source, and an electric motor control unit for 
driving the electric motor. When the voltage of the power source is a 
predetermined value or greater, the electric motor control unit controls the 
electric motor such that rotational speed-torque characteristics that the electric 
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motor has are maintained when the voltage of the power source is at the 

predetermined value. 

[0004] 

The electric motor control unit is provided with at least one of a map of the 
voltage of the power source, the rotational speed and the torque component 
current of the electric motor and a map of the voltage of the power source. 
Control of the rotational speed and the magnetic flux component current of the 
electric motor is performed by varying at least one of the torque component 
current and the magnetic flux component current by referring to the map 
provided. 
[0005] 

The control by the electric motor control unit is performed by mechanically 
varying the magnetic flux of the electric motor. 
[0006] 

The power source is a battery. The motor driven vehicle has a temperature 
detection unit that detects a temperature of the battery, and the electric motor 
control unit is adapted to vary the magnetic flux component current of the 
electric motor using the temperature detected by the temperature detection 
unit. 
[0007] 

This invention provides a way of sampling map data of a motor driven 
vehicle, having a stage at which the voltage of a DC power source connected to 
an electric motor for driving the motor driven vehicle is set at a reference value, 
and data of rotational speed-torque characteristics, a rotational speed-torque 
current command value map and a rotational speed-field current command 
value map are sampled when the voltage of the DC power source is at the 
reference value, while a torque current command value and a field current 
command value of the electric motor are adjusted such that desired rotational 
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speed-torque characteristics are obtained with the current from the DC power 
source not exceeding a predetermined current value. A stage at which the 
voltage of the DC power source is set at a value larger than the reference value, 
and data of a rotational speed-torque current command map and a rotational 
speed-field current command map are sampled when the voltage of the DC 
power source is at the larger value, while the torque current command value 
and the field current command value are adjusted such that the rotational 
speed-torque characteristics obtained at the stage for the reference value are 
obtained with the current from the DC power source does not exceeding the 
current value. 

BRIEF DESCRIPTION OF DRAWINGS 
[0008] 

Fig. 1 is a side view of an electric motorcycle embodying this invention. 
[0009] 

Fig. 2 is an electric circuit diagram of the electric motorcycle 1. 
[0010] 

Fig. 3 is a detailed view of a portion in the electric circuit diagram of Fig. 2. 
[0011] 

Fig. 4(a) is a graph showing N-iq0 maps and Fig. 4(b) is a graph showing 
N-id* maps. 
[0012] 

Fig. 5 is a graph showing rotational speed-torque characteristics of the 
electric motorcycle 1. 
[0013] 

Fig. 6 is an illustration showing an arrangement in sampling data of the 
N-iq0 and N-id* maps. 
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[0014] 

Fig. 7 is a flowchart in sampling the data of the N*iq0 and N-id* maps 
through the arrangement of Fig. 6. 
[0015] 

Fig. 8 is a graph showing the difference between characteristics with and 
without field weakening. 
[0016] 

Fig. 9 is an illustration showing the relation between torque component and 
field component currents. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] 

Now, an embodiment of this invention is described with reference to the 
drawings. 
[0018] 

Fig. 1 is a side view of an electric motorcycle embodying this invention. 
[0019] 

An electric motorcycle 1 shown in Fig. 1, includes a head pipe 2 at the upper 
front of its body, and in the head pipe 2 is inserted a steering shaft (not shown) 
for rotation. To the upper end of the steering shaft is attached a handle 3. At 
both ends of the handle 3 are fitted grips 4, and a grip 4 (not shown) on the right 
side (on the inner side on Fig. l) constitutes a rotatable throttle grip 
(hereinafter referred to as a throttle 4A). 
[0020] 

At the bottom of the head pipe 2 is mounted an upper part of a pair of left 
and right front forks 5, and at the lower ends of the front forks 5 is supported a 
front wheel 6 by a front axle 7 for rotation. In the upper central part of the 
handle 3 is disposed a meter 8. Downwardly of the meter 8 is disposed a head 
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lamp 9, and on both sides of the head lamp are provided flasher lamps 10, 

respectively (only one is shown in Fig. l). 

[0021] 

A pair of body frames 11 are disposed extending from the head pipe 2 toward 
the rear. That is, the body frame 11 is of a round tubular shape, and after 
extending obliquely downwardly toward the rear from the head pipe 2, it is bent 
in an arc toward the rear and extends rearward approximately horizontally. A 
pair of left and right body frames 12 are provided extending obliquely upwardly 
from the rear ends of the body frames 11, which are connected together at the 
back of a seat 13. Between the pair of left and right body frames 12 is disposed a 
battery 14. 
[0022] 

To the left and right body frames 12 is connected a seat stay (not shown) in 
the shape of an inverse letter U, which is supported by left and right stays 15 
(only one is shown in the figure). On the seat stay is disposed the seat 13 for 
opening. 
[0023] 

On the rear face of a rear fender 16 attached to the rear end of the body 
frames 12 is attached a tail lamp 17, on both sides of which are disposed flasher 
lamps 18 (only one is shown in the figure). 
[0024] 

On the other hand, to the rear ends of the left and right body frames 11 are 
welded a pair of left and right rear arm brackets 19 (only one is shown in the 
figure), and on the rear arm brackets 19 is supported a forward end of a rear 
arm 20 by a pivot shaft 21 for swinging movement. To the rear end of the rear 
arm 20 is fitted a drive wheel, or a rear wheel 22, for rotation, and the rear arm 
20 and the rear wheel 22 are suspended from the body frame 12 by a rear 
cushion 23. 
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[0025] 

Downwardly of the left and right body frames 11 are mounted foot steps 24 
(only one is shown in the figure), respectively, and to the bottom of the rear arm 
20 is pivotally mounted a side stand 25 by a shaft 26 for pivotal movement, 
which stand is urged by a return spring 27 toward closing. 
[0026] 

In an approximately circular portion at the rear end of the rear arm 20 is 
housed a laterally flat and thin electric motor 28 of an axial gap type. Also, 
adjacent to the electric motor 28 are housed an electric motor control unit 30 for 
controlling the electric motor 28, and an encoder 32 for detecting the position of 
rotation of the rotor of the electric motor 28. 
[0027] 

Fig. 2 is an electric circuit diagram of the electric motorcycle 1. As shown in 
the figure, the electric motor control unit 30 is a unit for controlling the 
operation of the electric motor 28, and includes an inverter 301 for converting a 
DC voltage from a battery cell 141 of a battery 14 (a fuel cell may also be used) 
into a three phase AC voltage to be supplied to the electric motor 28, and a 
battery voltage detecting section 303 for detecting a voltage (battery voltage) 
VB of the battery 14. 
[0028] 

Also, the electric motor control unit 30 includes a current sensor 305 for 
detecting current values iu, iv of the currents flowing in the U-phase and 
V-phase wires connected to the electric motor 28, a rotational speed calculating 
section 307 for calculating a rotational speed N of the electric motor 28 based on 
the detection result by the encoder 32 for detecting the rotor position of the 
electric motor 28 and an electrical angle calculating section 309 for calculating 
an electrical angle 9 of the rotor of the electric motor 28, based on the angular 
velocity co of the electric motor 28 measured based on the measurement result 
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by the encoder 32. Also, included is a three phase-two phase converting section 
311 for determining two phase current measurement values, or a torque current 
measurement value iq and a field current measurement value id, based on the 
electrical angle 0 and the current values iu, iv detected by the current sensor 
305. 
[0029] 

Also, the electric motor control unit 30 includes a PWM output section 313 
for generating a PWM signal, for the output to the inverter 301, based on the 
battery voltage value Vb measured by the battery voltage detecting section 303 
and the three phase voltage command values Vu*, Vv*, Vw* from a two 
phase-three phase converting section 333 (described later). 
[0030] 

Also, the electric motor control unit 30 includes a before limitation torque 
current command value calculating section 315 for calculating, for the output, a 
torque current command value before limitation by a battery current value lb, 
or a before limitation torque current command value iqO, from a torque current 
value T* corresponding to the amount of rotation of the throttle 4A and the 
rotational speed N of the electric motor 28 determined by the rotational speed 
calculating section 307. 
[0031] 

In the transmission path of the torque command value T* from the throttle 
4A to the before limitation torque current command value calculating section 
315 is provided an emergency stop switch section 316 for opening/closing by 
manual operation, for example, a main switch for use in starting the electric 
motorcycle 1 or a special stop switch. 
[0032] 

In addition, there is provided a torque current command value calculating 
section 319 in which a current value (battery current value) lb of the current 
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flowing out from the battery 14 is supplied from the BMC 142, and a torque 
current command value iq* is calculated, for the output, based on this battery 
current value lb, the rotational speed N and the battery voltage value Vb. 
[0033] 

Further, there is provided a field current command value calculating section 
321 for calculating, for the output, a field current command value id*, based on 
the torque current command value iq* outputted from the torque current 
command value calculating section 319 and the rotational speed N. 
[0034] 

Furthermore, a torque current subtracter 323 for subtracting the torque 
current measurement value iq determined by the three phase-two phase 
converting section 311 from the torque current command value iq* outputted 
from the torque current command value calculating section 319, and a field 
current value subtracter 325 for subtracting the field current measurement 
value id determined by the three phase-two phase converting section 311 from 
the field current command value id* outputted from the field current command 
value calculating section 321 are also provided. 
[0035] 

Moreover, a torque current control amplifier 327 for determining a before 
limitation torque voltage command value VqO before the limitation by a voltage 
command value limiting section 331 (described later), based on the subtracted 
result by the torque current value subtracter 323, and a field current control 
amplifier 329 for determining a before limitation field voltage command value 
VdO based on the subtracted result by the field current subtracter 325 are also 
provided. 
[0036] 

Yet further, there is provided a voltage command value limiting section 331 
for determining, as two phase voltage command values, a torque voltage 
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command value Vq* which is the before limitation torque voltage command 
value VqO from the torque current control amplifier 327 limited such that it 
does not exceed a predetermined maximum value, and a field voltage command 
value Vd* which is the before limitation field voltage command value VdO from 
the field current control amplifier 329 limited such that it does not exceed a 
predetermined maximum value. 
[0037] 

Still further, there is provided a two phase-three phase converting section 
333 for determining three phase voltage command values Vu*, Vv*, Vw* by two 
phase-three phase conversion, for the output to the PWM output section 313, 
based on the two phase voltage command values outputted from the voltage 
command value limiting section 331, or the torque voltage command value Vq* 
and the field voltage command value Vd*, and the electrical angle 0 determined 
by the electrical angle calculating section 309. 
[0038] 

Fig. 3 is a detailed view of a portion enclosed by the dash line of Fig. 2. 
[0039] 

The before limitation torque current command value calculating section 315 
includes an iqO map storage section 3151 having an N-iq0 map in which 
correspondence of the rotational speed N to the maximum value of the before 
limitation torque current command value iqO is established, for each of a 
plurality of battery voltage values Vb, a before limitation torque current 
command value calculating section 3152 for calculating a before limitation 
torque current command value iqO such that it increases with an increase in the 
torque command value T*, and a before limitation torque current command 
value limiting section 3153 in which a battery voltage value Vb is interpolated 
as required using the battery voltage value Vb from the battery voltage 
detecting section 303 and the N-iq0 maps in the iqO map storage section 3151, to 
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determine a maximum value of the before limitation torque current command 
value iqO at the battery voltage value Vb calculated in the rotational speed 
calculating section 307. Only if the before limitation torque current command 
value iqO calculated in the before limitation torque current command value 
calculating section 3152 exceeds the determined maximum value, the maximum 
value is determined as a before limitation torque current command value iqO, 
which value iqO is outputted. 
[0040] 

The torque current command value calculating section 319 includes a 
battery current value map storage section 3191 having a N*Ib map in which 
correspondence of the rotational speed N to the maximum value of the battery 
current value lb is established and a torque current limit value processing 
section 3192 for calculating a limit value of the before limitation torque current 
command value iqO, based on the battery current value lb and the rotational 
speed N from the BMC 142 and the N~Ib map of the battery current value map 
storage section 3191. The torque current command value calculating section 
319 also includes a torque current command value limiting section 3193 in 
which if a before limitation torque current command value iqO from the before 
limitation torque current command value calculating section 315 is not larger 
than the limit value, the before limitation torque current command value iqO is 
determined as a torque current command value iq*, while if the before 
limitation torque current command value iqO exceeds the limit value, the limit 
value is determined as a torque current command value iq*, which values iq* 
are outputted. 
[0041] 

The field current command value calculating section 321 includes an id* 
map storage section 3211 having an N-id* map in which correspondence of the 
rotational speed N to the maximum value of the field current command value 
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id* is established, for each of a plurality of battery voltage values Vb, a field 
current command value calculating section 3212 for calculating a field current 
command value id* such that it decreases with an increase in the torque current 
command value iq*, and a field current command value limiting section 3213 in 
which a battery voltage value Vb is interpolated as required using the battery 
voltage value Vb from the battery voltage detecting section 303 and the N-id* 
maps in the id* map storage section 3211, to determine a maximum value of the 
field current command value id* at the battery voltage Vb calculated in the 
rotational speed calculating section 307. Only if the field current command 
value id* calculated in the field current command value calculating section 3212 
exceeds the determined maximum value, the maximum value is determined as 
a field current command value id*, which value id* is outputted. 
[0042] 

Fig. 4(a) is a graph showing a plurality of N-iqO maps stored for different 
battery voltage values Vb in the iqO map storage section 3151. Fig. 4(b) is a 
graph showing a plurality of N-id* maps stored for different battery voltage 
values Vb in the id* map storage section 3211. 
[0043] 

The iqO map storage section 3151 stores N-iqO maps in which 
correspondence of a plurality of sampled rotational speeds N to maximum 
values of before limitation torque current command values iqO at the rotational 
speeds is established, as shown in Fig. 4(a), one of which is for a battery voltage 
value Vb being equal to the battery voltage reference value Vtp (Vb=Vtp) and a 
plurality of which are for battery voltage values Vb being greater than the 
battery voltage reference value Vtp (Vb>Vtp). The battery voltage reference 
value Vtp is smaller than the maximum voltage of the battery 14. 
[0044] 

In each of all the N-iqO maps, the before limitation torque current command 
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value iqO, which has a stationary value in a low rotation range, falls in a 
rotational range higher than that, and is decreased to zero in a rotation range 
higher than the higher rotation range. However, the map is arranged such 
that the falling rotation range becomes higher for a higher battery voltage value 
Vb. 
[0045] 

The iqO map storage section 3151 stores no N-iqO map for a battery voltage 
value Vb smaller than the battery voltage reference value Vtp (Vb<Vtp), so that 
the iqO map storage section 3151 can be constituted by a memory of small 
storage capacity. 
[0046] 

The id* map storage section 3211 stores N-id* maps in which correspondence 
of a plurality of sampled rotational speeds N to maximum values of field current 
command values id* at the rotational speeds is established, as shown in Fig. 
4(b), one of which is for a battery voltage value Vb being equal to the battery 
voltage reference value Vtp (Vb=Vtp) and a plurality of which are for battery 
voltage values Vb exceeding the battery voltage reference value Vtp (Vb>Vtp). 
[0047] 

In each of all the N*id* maps, the field current command value id*, which is 
zero in a low rotation range, rises in a rotational range higher than that, and is 
increased to a stationary value in a rotation range higher than the higher 
rotation range. Also, the N-id* map is arranged such that the rising rotation 
range becomes higher for a higher battery voltage value Vb. 
[0048] 

The id* map storage section 3211 stores no N-id* map for a battery voltage 
value Vb being smaller than the battery voltage reference value Vtp (Vb<Vtp), 
so that the id* map storage section 3211 can be constituted by a memory of 
small storage capacity. 
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[0049] 

Now, operation of the electric motorcycle 1, in particular of the electric motor 
control unit 30, will be described. 
[0050] 

The inverter 301 converts a DC voltage from the battery cell 141 of the 
battery 14 into a three phase AC voltage and supplies it to the electric motor 28. 
The battery voltage detecting section 303 detects a battery voltage value Vb of 
the battery 14. 
[0051] 

The current sensor 305 detects current values iu, iv of the current flowing in 
the u-phase and the vphase wire connected to the electric motor 28. 
[0052] 

The rotational speed calculating section 307 calculates a rotational speed N 
of the electric motor 28 based on the detection result by the encoder 32 for 
detecting the rotor position of the electric motor 28. 
[0053] 

The electrical angle calculating section 309 calculates an electrical angle 9 of 
the rotor of the electric motor 28 based on the angular velocity co of the electric 
motor 28 measured based on the measurement result by the encoder 32. 
[0054] 

The three phase-two phase converting section 311 determines a torque 
current measurement value iq and a field current measurement value id, based 
on this electrical angle 9 and the current values iu, iv detected by the current 
sensor 305. 
[0055] 

The before limitation current command value calculating section 315 
calculates a before limitation current command value iqO from the torque 
command value T* corresponding to the amount of rotation of the throttle 4A 
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and the rotational speed N of the electric motor 28 calculated in the rotational 
speed calculating section 307, for the output to the torque current command 
value calculating section 319. 
[0056] 

Specifically, in the before limitation torque current command value 
calculating section 315, first the before limitation torque current command 
value calculating section 3152 calculates a before limitation current command 
value iqO such that it increases along with an increase in the torque command 
value T*. If the emergency stop switch section 316 is open, the torque command 
value T* is not inputted and in turn the electric motor 28 does not operate, so 
that a braking action can be performed easily 
[0057] 

Then, the before limitation torque current command value limiting section 
3153 interpolates a battery voltage Vb as required using the battery voltage 
value Vb from the battery voltage detecting section 303 and the N-iq0 maps in 
the iqO map storage section 3151, and determines a maximum value of the 
before limitation torque current command value iqO at the battery voltage value 
Vb calculated in the rotational speed calculating section 307. 
[0058] 

Then, in the before limitation torque current command value limiting 
section 3153, only if the before limitation torque current command value iqO 
calculated in the before limitation torque current command value calculating 
section 3152 exceeds the determined maximum value, the maximum value is 
determined as a before limitation torque current command value iqO, while if 
the before limitation torque current command value does not exceed the 
maximum value, the calculated before limitation torque current command value 
iqO is determined as a final before limitation torque current command value iqO, 
and the before limitation torque current command values determined as 
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described above are outputted to the torque current command value calculating 

section 319. 

[0059] 

The torque current command value calculating section 319 calculates a 
torque current command value iq*, based on the battery current value lb from 
the BMC 142, the rotational speed N and the battery voltage value Vb, which 
command value iq* is outputted to the field current command value calculating 
section 321 and the torque current value subtracter 323. 
[0060] 

Specifically, in the torque current command value calculating section 319, 
the torque current limit value processing section 3192 determines a limit value 
of the before limitation torque current command value iqO, based on the battery 
current value lb from the BMC 142, the rotational speed N and the N-Ib map in 
the battery current value map storage section 3191. 
[0061] 

The limit value iq*lim of the before limitation torque current command 
value iqO is determined by the following processing. 
[0062] 

Mathematics 1 

iq*lim=iq*max Rq(t), 
where 

Rq(t)=Rq(t-l), when | Iblim(N)<Ib(t) | <Ib(DB) 
Rq(t)=Rq(t-l)+Kl <Iblim(N)-Ib(t)), when Iblim(N)<Ib(t), 
Rq(t)=Rq(t-l)+K2 <Iblim(N)-Ib(t)), when Iblim(N)>Ib(t), and 
Rq(t)=100%. 

iq*max, Kl and K2 are values stored in advance in the torque current limit 
value processing section 3192 when a judgment is made that the vehicle has 
stopped. Iblim(N) is determined from the N"Ib map, based on the rotational 
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speed N. Ib(DB) is lb determined from the N~Ib map when the rotational speed 

N=DB. 

[0063] 

Then, in the torque current command value limiting section 3193, if a before 
limitation torque current command value iqO from the before limitation torque 
current command value calculating section 315 is not larger than the limit 
value iq*lim, the before limitation torque current command value iqO is 
determined as a torque current command value iq*, while if the before 
limitation torque current command value iqO exceeds the limit value iq*lim, the 
limit value is determined as a torque current command value iq*, and the 
torque current command values iq* determined as described above are 
outputted to the field current command value calculating section 321 and the 
torque current value subtracter 323. 
[0064] 

The field current command calculating section 321 calculates, for the output, 
a field current command value id*, based on the torque current command value 
iq* outputted from the torque current command value calculating section 319 
and the rotational speed N. 
[0065] 

Specifically, in the field current command value calculating section 321, the 
field current command value calculating section 3212 calculates a field current 
command value id* such that it decreases with an increase in the torque current 
command value iq*. That is, a so-called field weakening is performed. 
[0066] 

In the field current command value limiting section 3213, a battery voltage 
value Vb is interpolated as required using the battery voltage value Vb from the 
battery voltage detecting section 303 and the N-id* maps from the id* map 
storage section 3211, to determine a maximum value of the field current 
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command value id* at the battery voltage value Vb calculated in the rotational 
speed calculating section 307, and only if the field current command value id* 
calculated in the field current command value calculating section 3212 exceeds 
the determined maximum value, the maximum value is determined as a field 
current command value id*, which is outputted to the field current value 
subtracter 325. 
[0067] 

Thereafter, the torque current value subtracter 323 subtracts the torque 
current measurement value iq determined in the three phase-two phase 
converting section 311 from the torque current command value iq* outputted 
from the torque current command value calculating section 319, and the field 
current value subtracter 325 subtracts the field current measurement value id 
determined in the three phase-two phase converting section 311 from the field 
current command value id* outputted from the field current command value 
calculating section 321. 
[0068] 

The torque current control amplifier 327 determines a before limitation 
torque current command value VqO based on the subtraction result of the 
torque current value subtracter 323, and the field current control amplifier 329 
determines a before limitation field voltage command value VdO based on the 
subtracted result by the field current value subtracter 325. 
[0069] 

In the voltage command value limiting section 331, if a before limitation 
torque voltage command value VqO from the torque current control amplifier 

i 

327 does not exceed a predetermined maximum value, the before limitation 

torque voltage command value VqO is determined as a torque voltage command '< 

value Vq*, while if the before limitation torque voltage command value exceeds 

the maximum value, the maximum value is determined as a torque voltage 
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command value Vq*. Also, in the voltage command value limiting section 331, if 
a before limitation field voltage command value VdO from the field current 
control amplifier 329 does not exceed a predetermined maximum value, the 
before limitation field voltage command value VdO is determined as a field 
voltage command value Vd*, while if the before limitation field voltage 
command value exceeds the maximum value, the maximum value is determined 
as a field voltage command value Vd*. The voltage command value limiting 
section 331 outputs the torque voltage command value Vq* and the field voltage 
command value Vd* determined as described above to the two phase-three 
phase converting section 333. 
[0070] 

The two phase-three phase converting section 333 determines three phase 
voltage command values Vu*, Vv*, Vw* by two phase-three phase conversion, 
based on the torque voltage command value Vq* and the field voltage command 
value Vd* outputted from the voltage command value limiting section 331 and 
the electrical angle 0 calculated in the electrical angle calculating section 309, 
which three phase voltage command values are outputted to the PWM output 
section 313. 
[0071] 

The PWM output section 313 generates a PWM signal, based on the battery 
voltage value Vb measured in the battery voltage detecting section 303 and the 
three phase voltage command values Vu*, Vv*, Vw* supplied from the two 
phase -three phase converting section 333, which PWM signal is outputted to 
the inverter 301. 
[0072] 

The inverter 301 converts a DC voltage supplied from the battery cell 141 of 
the battery 14 into a three phase AC voltage to be supplied to the electric motor 
28. 
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[0073] 

Fig. 5 is a graph showing the rotational speed-torque characteristics of the 
electric motorcycle 1. In this specification, the rotational speed-torque 
characteristics are obtained at the time of full throttling and abbreviated as NT 
characteristics. 
[0074] 

The N-T characteristics show that the torque T, which has a stationary vale 
in a low rotation range, falls in a rotation range higher than that, and is 
decreased to zero in a rotation range higher than the higher rotation range. This 
is a tendency shown by all the N-T characteristics irrespective of the battery 
voltage value Vb. 
[0075] 

However, the N-T characteristics are the same whenever the battery voltage 
value Vb is not smaller than a battery voltage reference value Vtp (Vb>Vtp). 
This is because the before limitation torque current command value iqO is 
determined such that it does not exceed the N-iqO map value shown in Fig. 4(a), 
and the field current command value id* is determined such that it does not 
exceed the N~id* map value shown in Fig. 4(b). 
[0076] 

On the other hand, the N-T characteristics obtained when the battery 
voltage Vb is smaller than a battery voltage reference value Vtp (Vb<Vtp), have 
a tendency that the falling rotation range becomes lower for a smaller battery 
voltage value Vb. 
[0077] 

Therefore, in the electric motorcycle 1, a constant running performance can 
be obtained when the battery voltage value Vb is not smaller than a battery 
voltage reference value Vtp, while running performance in response to the 
battery voltage value Vb can be obtained when the battery voltage value Vb is 
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smaller than the battery voltage reference value Vtp. 
[0078] 

Fig. 6 is a view showing a method of sampling data constituting the N-iqO 
and N-id* maps. Fig. 7 is a flowchart of the method of sampling these data. 
[0079] 

As shown in Fig. 6, a DC power source 41 capable of varying the voltage is 
connected in place of the battery 14 to the electric motorcycle 1 through a DC 
ammeter 42. The rotational speed N calculated by the rotational speed 
calculating section 307 is ready to be sampled. Also, to the electric motorcycle 1 
is attached a torque meter 43. The before limitation torque current command 
value iqO and the field current command value id* can be supplied to the 
electric motorcycle 1 from the outside. 
[0080] 

As shown in Fig. 7, the voltage of the DC power source 41 is set at a battery 
voltage reference value Vtp (step Si). Then, data of an N*iq0 map (rotational 
speed-torque current command value map) and an N-id* map (rotational 
speed-field current command value map) for the battery voltage reference value 
Vtp are sampled, while the before limitation torque current command value iqO 
and the field current command value id* of the electric motor 28 are adjusted 
such that desired rotational speed-torque characteristics are obtained with the 
current from the DC power source 41 not exceeding a predetermined current 
value lb max (step S3). At the first step S3, data of rotational speed-torque 
characteristics (N-T characteristics) are also sampled. 
[0081] 

The voltage of the DC power source 41 is set at a value larger than the 
battery voltage reference value Vtp (step S5). Data of an N-iq0 and an N-id* 
map are sampled for the larger value, while the before limitation torque current 
command value iqO and the field current command value id* are adjusted such 
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that the rotational speed-torque characteristics for the battery voltage reference 
value Vtp sampled at the first step S3 are obtained with the current from the 
DC power source 41 not exceeding the command value lb max (step S3). 
[0082] 

In this way, data of an N-iqO map and an N-id* map are sampled for each 
voltage not smaller than the battery voltage reference value Vtp, and they are 
stored in the iqO map storage section 3151 and the id* map storage section 3211, 
respectively. 
[0083] 

As described above, in the electric motorcycle 1, the electric motor control 
unit 30 controls the electric motor 28 such that rotational speed-torque 
characteristics are maintained which the electric motor 28 has when the voltage 
of the battery is at Vbtp, therefore a constant running performance is obtained 
when the voltage of the battery 14 is not smaller than a predetermined value, 
while running performance in response to the power source voltage is obtained 
when the voltage of the battery is smaller than the predetermined value. 
[0084] 

In addition, a map of the voltage Vb of the battery, the rotational speed N 
and the torque component current iqO of the electric motor 28, or an N-iq0 map, 
and a map of the voltage Vb of the battery 14, the rotational speed N and the 
field component current id* of the electric motor 28, or an N-id* map, are 
provided and control is performed by referring to these maps. Alternatively, only 
one of the N-iq0 map and the N-id* map is provided and control may be 
performed by referring to one of these maps. 
[0085] 

In the electric motorcycle 1, it is possible that the electric motor control unit 
30 performs the same control as described above by mechanically varying the 
magnetic flux of the electric motor 28. "Mechanically varying" means that, for 
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example, magnetic resistance of the stator constituting the electric motor 28 

changes or a gap between the stator and the magnets changes. 

[0086] 

Further, the electric motorcycle 1 is provided with a temperature detecting 
means for detecting a temperature of the battery 14, and the electric motor 
control unit 30 may control the magnetic flux component current id* of the 
electric motor 28 using the temperature detected by the temperature detecting 
means. 
[0087] 

A fuel cell may be used in place of the battery 14. 
[0088] 

Fig. 8 is a graph showing the difference between characteristics with and 
without field weakening. Fig. 9 is an illustration showing the relation between 
the torque component current and the field component current. The field 
component is also called the magnetic flux component. 
[0089] 

In the electric motorcycle 1 field weakening control is performed. Since the 
electric motor 28 rotates at a high speed during field weakening, an induced 
voltage due to the magnetic flux O on the d-axis will develop in proportion to the 
vehicle speed if both of the torque component current (torque current command 
value iq*) and the field component current (field current command value id*) 
are reduced to zero when completely closing of the throttle 4A. The induced 
voltage d<D/dt causes a current in the braking direction (regenerative current) to 
flow in the electric motor 28 and the inverter 301, which might destroy the 
elements of the inverter 301. Also, excessive deceleralation torque (braking 
force) may be exerted on the passenger. 
[0090] 

Therefore, in the electric motorcycle 1, if the throttle 4Ais completely closed, 
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only the torque component current is reduced to zero and the field component 
current is maintained. This will prevent the development of the induced voltage 
and thus, destruction of the elements and the generation of the braking force. 
[0091] 

In the electric motorcycle 1, maps of the field component current are 
provided for different speeds of the electric motorcycle 1 so that the same 
induced voltage as the output voltage of the inverter 301 may develop, and the 
field component current is maintained even if the throttle 4A is completely 
closed. Here, if a field component current is selected at which the maximum 
output voltage of the inverter 301 and the induced voltage are the same, the 
braking force may be produced depending on the variation in quality of the 
products during production, or the like, therefore the actual field component 
current is set at a value larger than the foregoing field component current at 
which the maximum output voltage and the induced voltage are the same. 
[0092] 

As described above, in the electric motorcycle 1, a one-way clutch or the like 
is not needed which is a device for blocking transmission of the braking force to 
the electric motor 28. That is, the one-way clutch can be materialized electrically. 
Therefore, an increase in the vehicle's weight and volume due to the provision of 
the one-way clutch or the like is prevented, thereby creating a lightweight 
compact electric motorcycle. 
[0093] 

Also, in the electric motorcycle 1, standard and power modes can be changed 
over in response to the position of a main switch for use in starting the electric 
motorcycle 1. In the electric motorcycle 1, control is performed such that 
different N-T characteristics are obtained depending on the mode. Specifically, 
the rotational speed at which the torque begins falling in the standard mode is 
set at a value lower than that in the power mode. Therefore, in the case of, for 
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example, climbing, the power mode is selected for a sufficient driving force up to 
a high rotation range. However, the standard mode is selected in the case of, for 
example, running on a flat road when no large power is needed. That is, mode 
selections according to these situations are possible. In the electric motorcycle 1, 
control is performed such that such mode change is possible only when the 
vehicle is standing, so that mode changes due to careless manipulation can be 
prevented. 
[0094] 

In the motor driven vehicle according to this invention, when the voltage of a 
power source is a predetermined value or greater, an electric motor control unit 
controls an electric motor such that the rotational speed-torque characteristics 
that the electric motor has are maintained when the voltage of the power source 
is at the predetermined value, so that a constant running performance can be 
obtained when the power source voltage is larger than the predetermined value. 
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